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Remarks 

This amendment is filed in response to the final Office Action mailed on January 25, 
2006. This response is filed with a Request for Continued Examination. 

Claims 47-54 have been canceled; no claims have been amended. No new matter has 
been added. 

Rejections Under 35 U.S.C, 103(a) 

1. The Examiner rejected claims 37, 39, 41-44, 46 and 55 under 35 U.S.C. § 103 as 
impatentable over Nencioni et al or Podda et al in view of Capiau et al, Tamura et al and 
Honda et al Reconsideration of the rejection is respectfully requested. 

I. The present invention 

The invention is concerned with the use of a non-toxic double mutant of Pertussis Toxin 
(PT) as a mucosal adjuvant. The double mutant enhances or stimulates the protective immune 
response against an antigen when co-administered with the antigen. The double mutant has 
mutations at positions 9 and 129 of the Si subunit of the toxin that renders it non-toxic by 
inactivating the ADP ribosylating enzymatic activity of the native toxin. Unexpectedly, the 
mutant also exhibits a strong mucosal adjuvant activity. 

As illustrated by Examples 3 and 4 of the present application, the double mutant is a far 
more powerful mucosal adjuvant than the v^ld-type Pertussis Toxin. This was unexpected 
because, as detailed below, at the time of the invention it was thought that enzymatic activity of 
the toxin and adjuvant activity were inseparable. Thus, whereas the prior art indicated that 
enzymatic activity was essential for adjuvant activity and hence wild type toxin would represent 
the best adjuvant, unexpectedly the double mutant lacking enzymatic activity is a far stronger 
adjuvant. 
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11. The subject matter of the claims is non-obvious over the cited prior art 

A. The combination of references does not provide the claimed invention 

Both Nencioni et al and Podda et al deal with the use of a double mutant Pertussis 
Toxin as an antigen administered via non-mucosal routes. However, the claims of the present 
application are directed to the use of the double mutant toxin as an adjuvant for enhancing or 
stimulating an immune response against a co-administered antigen. Acting as a mucosal 
adjuvant and acting as an antigen are two entirely different things. 

Thus there is no teaching or suggestion in any of the cited prior art that the double mutant 
specified by the claims of the present application could be used as a mucosal adjuvant. 

B. Motivation for making the claimed invention is lacking, the invention as claimed is 
unexpected, and the prior art teaches away from the claimed invention 

As set out below, the prior art would have directed the skilled person to consider that 
enzymatic activity was essential for adjuvant activity and hence that the double mutant toxin 
lacking such activity would also lack adjuvant activity. It was therefore imexpected that the 
double mutant would possess adjuvant activity at all and in fact was even more unexpected that 
the double mutant would be a more effective adjuvant than wild type Pertussis Toxin possessing 
enzymatic activity. 

The Examiner argues that the claims do not preclude the presence of the B subunit of 
Pertussis Toxin and that the skilled person would have considered that the B subunit could 
confer adjuvant activity. However, as set out below, at the time of the invention the skilled 
person would not have considered that the B subunit would be able to confer adjuvant activity if 
administered with the double mutant Si subunit specified by the claims. 
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(i) At the time of the invention the skilled person would have considered enzymatic activity 
of Pertussis Toxin inseparable from adjuvant activity 

A copy of Black et al {Science 240: 656-659, 1988) is submitted herewith. Black et al 
(1988) is the literature paper cited by the later Roberts et al reference {Infection and Immunity: 
2100-2108, 1995), which was cited by the Applicant in response to the previous Official Action. 
Black et al was available before the filing date of the present application. 

The abstract of Black et al states that: 

''A B. pertussis strain that produced an assembled pertussis holotoxin with only I percent 
of the ADP ribosyltransferase activity of the native toxin and was found to be deficient in 
pathogenic activities associated with B. pertussis including induction of leukocytosis, 
potentiation of anaphylaxis, and stimulation of histamine sensitivity. Moreover this 
mutant strain failed to function as an adjuvant , " [Emphasis added]. 

Black et al describes at page 658 and in Figure 3 the results of experiments to test 
adjuvant activity utilizing the EA antigen and indicates at page 658, middle column, first 
paragraph that, while the wild-type pertussis toxin was able to act as an adjuvant, three mutants 
lacking enzymatic activity were unable to act as adjuvants. 

Black et al concludes in its final paragraph on page 658 that: 

'Taken together, our results regarding leukocytosis, anaphylaxis, adiuvanticity. and 
immunoprotection of mice from an ICC infection suggest that the ADP -ribosyltranf erase 
activity of Pertussis toxin correlates directly with the immunomodulatory activities of a 
B. pertussis strain " [Emphasis added] 

Thus, Black et al indicates that enzymatic activity is essential for adjuvant activity. 

The conclusion of Black et al is also reinforced by Holmgren et al. Vaccine, 1 1(12): 
1179-11 84, which was also published prior to the present invention. The abstract of Holmgren et 
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al indicates that for Cholera Toxin (CT) and E, coli heat labile toxin (LT), which are both 
closely related to Pertussis Toxin, that: 

''This adjuvant activity appears to be closely linked to the ADP-ribosylating action ofCT 
and LT associated with enhanced cyclic AMP formation in the affected cells, and thus it 
may prove difficult to eliminate the enterotoxic activity without loss ofadiuvanticitv '' 
[Emphasis added] 

Thus, like Black et al, Holmgren et al indicates that adjuvant activity and enzymatic 
activity in ADP ribosylating exotoxins is inseparable. The skilled person, therefore, would not 
have considered that the double mutant toxin employed in the present invention, which lacks 
enzymatic activity, would be able to act as an adjuvant. Unexpectedly, the double mutant can act 
as an adjuvant and is, in fact, a better adjuvant than wild-type Pertussis Toxin. 

Nothing in the prior art would have counteracted the prejudice created by Black et al and 
Holmgren et al that enzymatic activity was essential for adjuvant activity. The subject matter of 
the claims is therefore non-obvious for that reason. 

(ii) At the time of the invention the skilled person would not have considered that Pertussis 
Toxin B subunit would possess adjuvant activity 

The Examiner argues that the existence of Tamura et al (US 5,182,109) and Honda et al 
(JP 3-1,35,923) means that the skilled person would have considered that the B subunit of 
Pertussis Toxin would have adjuvant activity. However, that is not the case, because at the time 
ofthe invention Holmgren era/. (Vaccine, 11(12): 1179-1184, 1993) had discredited Tamura er 
al (US 5,182,109) and Honda et al (JP 3-1,35,923). 

Holmgren et al was published prior to the invention in September 1993 and hence is of 
relevance in showing what the skilled person would have considered at the time of the invention. 
Holmgren et al indicates at page 1 182, left hand column, last complete paragraph that: 

"Commercial preparations of CTB as used in the 'positive ' studies regularly contain OA- 
2% of contaminating CTholotoxin, while we have used a highly purified CTB with no 
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detectable CT (0,0001%) or recombinant CTB from a genetically CT-deleted K cholerae 
strain producing plasmid encoded CTB. On the other hand, when we added 0.1% CTto 
CTB (0.1 :g to 10 :g as the oral immunizing dose) a strong adjuvant effect was observed'' 

Thus, Holmgren et al clearly indicates that studies indicating that the B subunit of ADP 
ribosylating exotoxins such as Pertussis Toxin and Cholera Toxin have an adjuvant effect, such 
as those described in Tamura et al and Honda et al, represent false positives due to the presence 
of contaminating amounts of the whole toxin in preparations of the B subunit. Holmgren et al 
indicates that when pure preparations of the B subunit of a toxin are used, then no adjuvant effect 
is seen. 

Figure 1 of Holmgren et al shows the results of experiments comparing the adjuvant 
activity of whole cholera toxin (CT) and heat labile E, coli enterotoxin B with recombinant B 
subunit of cholera Toxin (rCTB). Pertussis toxin is closely related to both CT and LT and hence 
the skilled person would have considered that the results shown in Figure 1 indicating that rCTB 
has no adjuvant activity would also mean that the B subunit of Pertussis Toxin would also lack 
adjuvant activity. 

Holmgren et al is not therefore merely in conflict with Tamura et al and Honda et al, as 
acknowledged in the Official Action. Rather, Holmgren et al shows that the results seen in 
Tamura et al and Honda et al are due to contaminating whole toxin and that toxin B subunits do 
not have adjuvant activity in their own right. 

The skilled person would not, therefore, have considered that the combination of the 
double mutant Si subunit and the wild-type B subunit would have adjuvant activity. 

In addition, Black et al (1988) deals with Bordetella strains which have mutations in the 
Si subunit and which do not display any adjuvant effect. If the B subunit possessed adjuvant 
activity in its own right, then the mutant strains in Black et al should have displayed adjuvant 
activity following the Examiner's reasoning in the Office Action, but they do not. Black et al 
(1988) therefore also illustrates to the skilled person that adjuvant activity does not reside in the 
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B subunit and that enzymatically inactive toxins, whether with wild-type B subunit or otherwise, 
would lack adjuvant activity. 

Thus, the prior art would have led the skilled person to consider that the double mutant 
specified by the claims of the present application would lack adjuvant activity, whether 
administered with or without the B subunit. As such, the subject matter of the claims is also non- 
obvious for that reason. 

Therefore, the invention as claimed is unexpected, the prior art teaches away from the 
claimed invention and the prior art does not provide motivation for making the claimed 
invention. Accordingly, Applicant respectfully requests that the rejection of claims 37, 39, 41- 
44, 46 and 55 as unpatentable under 35 U.S.C. § 103 be withdrawn. 

2. The Examiner rejected claim 45 under 35 U.S.C. § 103 as unpatentable over Nencioni et 
al or Podda et al. in view of Capiau et al , Tamura et al and Honda et al, and further in view of 
Halpem et al Applicant respectfully requests reconsideration of the rejection. 

Claim 45 is dependent upon claim 37. Applicant submits that claim 45 is patentable for 
the same reasons as given above for claim 37. The disclosure by Halpem of tetanus toxin C 
fragment does not remedy the deficiencies of the combination of references as a whole, or the 
teachings of the prior art with respect to the lack adjuvant activity in enzymatically inactive 
toxins. 

Accordingly, Applicant respectfully requests reconsideration and withdrawal of the 
rejection of claim 45 under 35 U.S.C. 103(a). 
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CONCLUSION 



In view of the foregoing amendments and remarks, this application should now be in 
condition for allowance. A notice to this effect is respectfoUy requested. If the Examiner 
believes, after this amendment, that the application is not in condition for allowance, the 
Examiner is requested to call the Applicant's attomey at the telephone number listed below. 

In particular, in the event that the Examiner is not persuaded by the foregoing arguments, 
Applicant requests an interview to discuss any outstanding objections directly with the 
Examiner. 

If this response is not considered timely filed and if a request for an extension of time is 
otherwise absent, Applicant hereby requests any necessary extension of time. If there is a fee 
occasioned by this response, including an extension fee, that is not covered by an enclosed 
check, please charge any deficiency to Deposit Account No. 23/2825. 



Respectfully submitted, 



Mark Roberts^ Applicant 



By: 




J^W R. Van Amsterdam 



Re|. No. 40,212 
Wolf, Greenfield & Sacks, P.C. 
600 Atlantic Avenue 
Boston, Massachusetts 022 1 0-22 1 1 
Telephone: (617)646-8000 



Docket No. M0975.70006US00 
Date: June 26, 2006 
X06/25/06X 
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ADP-Ribosyltransferase Activity of Pertussis Toxin 
and Immunomodulation by Bordetella pertussis 

W. J. BiACK,* J. J. MuNOZ, M. G. Peacock, P, A. Schad, 

J. L. CowBix, J. J. BuRCHAix, M. LiM, A. Kbnt, L. Stbinman, 

S. Falkow ^ 

Pcrtaaais tajdsx is produced by tiw cawtsve agcmt of whooping cougji, B^rdeUUa 
pertussis^ and w an adenosine diphosphate (ADP>-nbosyltransfcra«c capable of 
covalcntty modifying and thereby inacrivatin^ 

celhilar metabolism. The toxin is a principal detcnninant of vhiiknoc in whoc^g 
cough and is a primary candidate for an accUular pertussis vaccine, yet h is undear 
Aether the ADP-ribosyltransfcrasc activity is required for both padiogenic and 
ImmunQprotcctiYc activities. AB.jpmitfw strain rfiat produced an assembled pertussis 
holotoxin with only 1 percent of the ADP-tibosyhransfsrasc actwity of the native toxm 
was comtnictcd and was found to be deficient in pathogenic acdvitics assodatrd vrith 
B, pertussis inchiding hiduction of teuScocytosis, pofteniiation of anaphylazis, and 
stimulation of histamine sensitivity. Moreover, this mutant strain failed to fimction as 
an adjuvant and was less eflSxtivc in protecting mice from intracetchrai challenge 
infttiion. These data suggest that the ADP-ribo^transferase ac^^ 
both padiogcnidty and optimum imnmnoprotection. These findings bear directly on 
the design of a nontoxic pertussis vaodne. 



for the induction of leukocytosis {4, 13), die 
potennadon of anaphylaxis (4, IS), and 
the stimulation of histamine sensitivity (4). 
We also examined the capacity of the strains 
to save as adjuvants (4) and tiieir inunuco- 
protcctivc activity against cxpcrimaital 5. 
pertussis infection in mice {16). 

AB, pertussis strain with a nonpolar muta- 
tion that altered the primary structure of die 
pertussis toxin SI or ADP-ribosyltransfJtrase 
subiimt was constructed by in vitro linker 
scanning mutagenesis [IT), followed by alle- 
lic endiange (18, 19) of die mutation into 
the B. pertussis chromosome. This muation, 
^ficA3201, introduced a 12-bp insertion at 
the Sal I restriction site of die S 1 gaie (Fig. 
1), maimaining the reading firaoie integrity 
and introducing four novel codons, for Val- 
Asp-Gly-Ser, between Tyr^*^ and Val*^^ 
{12), We chose this site for modification 
because of its proximity to Glu^^"*; Collier 
and co-wodcers have shown that for each of 
two other ADP-ribosykransfcrasc toxins, 
diphdieria toxin and pseudomonas cxopto- 



PEKTUSSIS TOXIK IS THE PRIMARY 
determinant of virulence produced by 
Bmiaelia pertussis in whoopir^ 
cough {l~3y Aspects of the systemic padiol- 
ogy of the disease, including lymphocytosis 
and hypoglycemia, can be reproduced in 
laboratory animals with purified toxin alone 
(4). The toxin is composed of five dissimilar 
polypeptides diat can be divided into two 
fimctionai subunits (5); an **A" mcmomcr, 
S 1, mediates adenosine diphosphate 
(ADP>-ribosylauon of host G protons (5), 
and a "B" c^gomer, composed of four dif- 
ferent pol>pcptides, designated S2 through 
SS, mediates binding of xhc toxin to host 
tissue (7). Two molecular mechanisms of 
pa±ogcncsis have been proposed for pcrtus- 
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sis toodn. The first is die ADP-tibosylation 
and concomitant inactivadon of host G pro- 
teins involved in normal cukaryoric cell me- 
tabolism (d). The second mechanism is the 
lecrin-like binding of the B oligomer to 
cukaryoric cells (7), which has been pro- 
posed to aa mitogcnically to cause the 
lymphocytosis and other immunomodula- 
tory activities mexliated by pertussis toxin 

Pertussis toxin is also found in, and is 
considered to be a primary protective com- 
ponent of, borii the traditional whole-cell 
{2, 9) and die newer accllular (it?) fonnula- 
tions of the pertussis vacdnc. However, 
there is speculation diat active toxin present 
in the vaccines may cause certain rare but 
serious vacdnation sequelae including hypo- 
tonic, hyporcsponsive syndrome, convul- 
sions, and encephalopathy {11). Recent ef- 
forts to clone the toxin genes {12) arc in pan 
predicated on die proposition that an enzy- 
matically inactive version of the toodn mole- 
cule produced by modified toxin genes 
might serve as a valuable component in a 
defined vacdnc. We were interested in de- 
termining the contribution of the ADP- 
ribosyitransferasc activity to pathogenesis 
and immunopKJtcction and so constructed 
B. pertussis strains with defined mutations in 
the tcotin genes. These genes were assayed 
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Rg. 1 . Pertussis toxin opcTOn mutations. Defined 
mutatiom in die pertussis toxin opcroa were 
constructed in vitro by means of standard recom- 
binant DNA technology {30) and inm>duccd into 
the chromosome of B. ptrtttssis strain BP370 {18) 
by alidic cwhaige {18, IS), The parental B, 
pemasis strain, PTX*. BP370, contains a polyds* 
tzonic anangement of the genes for the five toxin 
polypeptide subunits {12, 18). The SI cxKton 
insertion derivative, TOX3201, contains a 12-bp 
insertion, GACGGATCCGTC, at the Sal I site in 
the SI gene, introducing the ammo adds Val- 
Aa»-Gly-Scr into the SI polypeptide between 
TyP*' and Val'" (i2). The ASl derivative, 
TOX058, fTTiTMP* a ddetion of die 3' half of tiie 
SI gene, from the Sal 1 site to die Xba I site, 
fuung liic SI codon for Asp'" to the sxop codon 
in the Xba I site. The construction of TOX3201 
{29) and TOX058 (27) is described in greater 
detail elsewhere. TOX3201 was previously desig- 
nated BP37Qpw-3201 (19), The ITX" derivative, 
TOX33n, has a deletion extending fix>m about 
200 bp inside the 5' end of the SL gene down 
through about 1 100 bp 3' of the S3 gene, and a 
karf «ne {26) ligatod into die brcvrh {18), The 
FIX , TOX5105 derivative has an insertion of 
the W gene about 800 bp 3' of the toxin 
structural genes {18), The PTX*, TOXS167 de- 
rivathre has an insertion of the kasf gene about 
400 bp S' of the toxin structural genes {18), 
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Flo* 2. TOX3201 export and assembly. Pertussb 
toxins were purified from culture nipcmatano of 
strains BP370 andTOX3201 by fctum-Scpharoje 
affinity chrtMnatc^hy (22). On anafysii by 
SDS-^olyacrylamide gd etecophorcsii (2J) and 
Coomassie blue soinixig, both die TQXS20X 
(lane 1) and die BP370 (ianc 2) toxim odiJbitod 
aU of the subunits of a oonqilctc hok>taxin smic- 
mrc {5, 22). Western immuzx>btot (24) analyws of 
the TOX3201 toxin showed reactivity widi 
mooodooaiantibocbestodicSl (hoe 3), S2 (lane 
4). and S4 (lane 5) snbuaio of pertussis toxin. 
Molecular mass standards arc indicated by arrows 
and are given in Idlodaltans. 
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tcin A, a Ghi residue is a critical component 
of the enzymatic aadvc sites [20), Qiou and 
Fasman analysis {21) of the Glu'^-Tyr"'- 
Val'*^ region of the SI subunit of pertussis 
toxin predicted beta structure dut the fbui^ 
amino acid insertion of /rtKA3201 would 
intcrrapt with a tum. 

Thc toxin molecules produced by the 
codon insertion mutant strain, TOX3201, 
and the parental strain, BP370 (25), were 
purified fix>m cuhurc supernatant by fietuin- 
Scpharosc affinity chromatography (22) far 
comparison by SDS-polyaaylamidc gel 
cleciroitoresis (23) and Western immuno- 
blot (24) (Fig. 2). The tcodn molecule pro- 
duced TOX3201, which wc designated 
CRM3201, has an SI subunh: of a larger 
apparent molecular weight than the native 
t£)]dn SI subuniL This appropriatcl)r reflea- 
cd the insertion of four amino acids into 
die SI polypeptide of CRM3201. The 
CRM3201 molecule was also found to con- 
tain the polypeptides of the toxin B oligo- 
mcr, S2 duouj^ S5, and was found to be 
equivalent to the native tDodn in its ability to 
hcmagglutinaic goose erythrocytes (22). 
CRM3201 had, however, only 1% of die 
ADP-ribosyitransfcrasc activity of die native 
toxin as assayed by die ADP-tibosylatioo of 
transducin (25). The fixAZlOl mutation 
thus may define a rc^c«i of die SI polypep- 
tide invoked in tiiis enzymatic activity. In 
sum, diese data suggest diat die CRM3201 
toxin molecule is expwtcd as an assembled 
holotoxin widi a functional B oligomer but 
a substantially less active SI ADP-ribosyl- 
transfcrasc subunit. 
In assays for biological activities, several 
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Other B. pertussis strains were selected for 
comparison wirii TOX3201 (Fig. 1). These 
included a noatoxinogeoic strain, TOX331 1 
(lS)j containing a kanaraycin resistance 
(Jka»0 gene {2d) inserted in place of die 
toxin opcron, and twotoxinogcnicB.^^frtwf- 
sis strains, TOX5105 and TOX5167 (J*), 
containing insertions of the ktu^ gene out- 
side of the toxin operon. Wc also tested 
strain TOX058, in which die 3' half of die 
SI gene, ftom the Sal I to die Xba I 
restriction sites, had been deleted. The con- 
struction and diaractcrizarion of TOX058 
will be described in detail elsewhere (27). 
The B, pertussis strains containing all of these 
mutaticHis were derived fi?om our virulent 
lab strain BP370. 

The induction of kokocytosis in mice (4) 
by die S. pertussis strains was measured 4 
days after an intravenous (TV) ii^ection of 
die strains (Fig. 3A). Mice injected with 
strains produdr^ the native toodn, BP370 
and TOX5105, developed a dosc-dcpendent 
leukocytosis. Curiously, strain TOX510S, 
which contains an insertion of the kat^ gene 
outside of the toxin structural genes, ap- 
peared sligjidy less potent in promoting 
Leukocytosis. This may reflea a genetic effect 
of this particular insertion mutation or a 
physiological effect of die ksm' gene product 
on tojdn export or assembly. In contrasti 



the codcm Insertion mutant TOX3201, as 
well as TOX0S8 and the nontoxinogenic 
TOX3311, induced csscntiaUy no leukocy- 
tosis. 

Wc measured the potentiation of anaphy- 
laxis to two diffbcnt antigens, chicken egg 
albtmiin (EA) in CFW mice (4) and bovine 
scrum albumin (BSA) in BALB/c mice (14, 
IS), The CFW mice were ghrai concomi- 
tant intraperimneal (IP) injections of EA 
and beat-killed B. pertussis^ and sensitization 
was indicated by a lethal anaphylaxis upon 
IV challenge widi EA 14 days later (Fig. 
3B), The native toxin-prodncing strains 
BP370 and TOX5105 displayed a dose- 
d^iendent sensitizing activity. Similar to the 
leukocytosis induction, the koff insertion 
mutant TOX5105 was less potent In con- 
trast, the codon insertion mutant, TOX- 
3201, the SI deletion mutant, TOX058, 
and the nontoxim^emc TOX3311 were all 
ineffective in potentiating anaphjdaxis. The 
mice were sensitized to BSA-induced ana- 
phylaxis by injection, for 4 days, on akemat- 
ing days, widi BSA and with die B. ftfrfKoir 
strains. Anaphylaxis was induced by inject- 
ing mice 5 to 7 days after the scnsitizarion 
teamen wirii BSA. In the BSA sensitization 
challenge, we substituted S. pertussis strain 
TOX5167 for TOX5105. TOX5167 also 
contains an insertion of the bm' gene, also 



Tabto 1. PdicmiariDn of BSA anaphylatis and stimulation of totamine scnntivhy. BSA ^1^^^ 
l^r^^rnS^^vcstmsis va^ encephalopathy (14), BordeuUa pertussis sirama were picparcd and 
"^^^^^^^^S^^^^^^^jJi BSA Aallenge (14). KD,nat£ae. 



Strains 



CFUx 10» 



BSA challenge 



Histainihc challenge 
(deathsftotal)* 



BP370 


10 
S 
2 

0.4 
0.08 


17/29 (59%) 


loao 

ND 

loao 

10/10 
3/10 


TOX5167 


5 


2609(90%) 


ND 
10/10 
10/10 


TOX510S 


9.4 






2 

0.4 
0.08 




2/10 






0/10 


TOX3311 


9.4 

5 

2 

0.4 
0.08 


W30 (0%) 


2/10 

ND 

0/10 

0/10 

0/10 


TOX3201 


10 
5 
2 

0.4 
0.08 


0/30 (0%) 


1/9 

ND 

0/10 

0/10 

0/10 


TOX058 


9.2 

5 

2 

0.4 
0.08 


(V10(0%) 


2/9 
ND 
0/9 
1/9 
0/9 


PBS only 
PTXt 


0.0 


ND 
71/83(86%) 


0/19 
ND 
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Rg. 3. LoukocytcaSt ana- 
phylaxis, adjuvanodty, end 
ICC A key to the nraim is 
prcsmtod in (D). The 
strains were; FIX*, 
BP370; FIX*, TOX5105; 
FIX", TOX33X1; SI co- 
dan. TOX3201; and ASl, 
TOXOSfi. Contiols are pre- 
seand as a £. ftftusm dose 
of 0 CFU. (A) Lcukcxyio- 
sis. IxulcDcytxHis was mea- 
sured (^) in a Coulccr 
ccnmtcr 4 diys after IV in- 
jection cf B. petussis vac- 
dncs (irf). Vahics rcprcsoit „. . . 
Icnkocyic count per cubic » " ^ " 

millimeter and are avrragcs « 

ftom five aniraals; ban nprescct i SD, (B) Anaphykxii. CFW rm were 
scDSidzed to M with an IP dose of 1.0 mg of dK antigen pi an Iv d^ 
the £.^£rmsir strains. Mice ware duUoa^ U days bter with LOmg of EA 
kKot IV, Rcsuhs are Ac pcftemage of nuct dMt dkd of anapl^^ 
graph vahic die number of animate was *I0. (C) Adjuvattij^. C57BU10 
sa<I inia received 1.0 nig ofEA n> and 2 X 10* OTJ of hcat-k^ 
rV onday 0. Onday2I,nMccreceivcdasccQiidIPir5Ccriooof 5 
Mice were bkd on days 16 and 28s and wc ticratcd sera for anti-EA nicam of 





Com X tf^ CFU Days •ftw fmrnuntzstlon 

cnzym^-linbod immunasocfaenc assay (ELISA) using mtcrotiter |dztes coated 
vw* EA Mice receiving EA antigen >»Tthom anv A ^»e^^ 
amigeo aione. Each value injiumts three animals; ban represent 1 SD. (D) 
IOC ]hrraisercbcal dnlkngppcot«ctk)n.Threc-w^ 
IP widi J. *<mtsw prepared as vaodncB (Jtf) were chalkngc^ 
days later with 10* CFU of A/wtww strain 1S323 {IS), Vahics arc prcsaiiBd 
as percent suiviral of diallenged mice, and cadi rqicescnts at least 16 animals. 



outside of the toodn opcron (Fig. 1), Wc 
found that whereas a dose of 5 x 10* colo- 
ny-formii^ units (CFU) of B. penussis 
strains BP370 and TOX5167 4cd to a hig}i 
percentage of sensitization, the ptx mutant 
strains TOX3201, TOX058, andTOX3311, 
were entirely unable to potentiate an ana- 
phylactic response to BSA (Table 1). 

The scnsitizatton of mice to a lethal chal- 
lenge with the vasoactive amine histamine 
has also been proposed to rcflca a diroa 
action of the B oligomer, in this instance, on 
die vascular cndodhelium to increase vascu- 
lar penneability (S), The sensitizing activi- 
ties of our B. penussis strains were deter- 
mined by injecting mice IV with hcat-killed 
S. pertussis followed 4 days later by IP 
challenge vsrith histamine (4). The loxino- 
genie strains BP370 and TOX5105 in- 
creased the scnsitivitj' to histamine in a dose- 
dependent fashion (Table 1). The mutant 
strains TOX3201, TOX058, and TOX3311, 
in contrast, were substantially fircc of this 
activity. Thus, our data suggest that with 
regard to induction of leukocytosis, potenri- 
ation of anaphylaxis, and stimulation of 
histamine sensitivity, a J?, pertussis strain 
producing an assembled holotoxin that is 
reduced in ADP-ribosyltransfcrase activity is 
reduced in pathogenic potential to the level 
of a n<^tcxEinogenic organism. 

The adjuvanticity of pertussis toxin in 
experimental animal models is well docu- 
mented {4y 28) and may contribute func- 
tionali)' to the efficacy of the wholc-ccU 
pertussis vaccine (i, 2). The role of die 
ADP-ribosykransfcrasc activity in the adju- 
vant action, howc^'cr, has been disputed (5) ; 
wc therefore tested the mutants for dieir 
adjuvant activity in the production of anti- 
bodies to the antigen EA (Fig. 3C). 
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CS7BL/10 SCN mice were injected con- 
comitantly widi EA and heat-ldlled B, per- 
ptissss and were measured 14 days laocr fer 
anti-EA titers. The toxinogenic parental 
strain, BP370, exhibited a nikcd acljuvant 
action on the production of antibody to EA. 
The titers were inoeased further by a small 
secondary injection of EA given on day 21. 
The coxinc^cnic katf strain, T0X5 105, also 
manifested an adjuvant action, though it 
was less apparent until after the secondary 
immunization of EA. In contrast, concomi- 
tanc injection of EA with the ptx mutant 
strains TOX3201, TOX058, or TOX33H 
showed no adjuvant effect af^ either the 
primary or secondary ii^ection. 

To further investigate the loss of immu- 
nosdmulation seen with the ptx mutants, 
their ability to protect mice from a lethal 
intracerebral challenge (ICC) infccticm witii 
B. pertussis (J^ was smdied. Though it was 
apparent that the mutations in the SI sub- 
unit gene would intcrficrc functionally with 
the adjuvant activity of B, pertussis, we felt 
chat the assembled and c3q>ortcd CBM3201 
holotoodn molecule of TOX3201 might stiU 
serve, at least structurally, as an efficacious 
inununogen. The ICC infection is used to 
assay the potency of pertussis vacdne pro- 
rations in the United States, and involves IP 
immumzation of test mice with whole-ccU 
vacdne preparations, followed 2 weeks later 
by an ICC with the standard virulent strain 
of B. pertussis^ 18323 (2<5). Both die vidld- 
typc and the mutant strains of B. pertussis 
provided a dose-dependent degree of pro- 
tection against ICC iiAcrion (Fig. 3D), 
However, the dose-response curves for the 
ptx mutant strains TOX3201, TOX058, and 
TOX3311 woe lower dian those of the 
strains producing the native toxin. Ar the 



highest imiminizing dose, protection with 
the native toxin-piodudng strains ap- 
proached 100% of a cohort, whereas at 
similar doses the SI mutants and the non- 
toxinogcnic mutant induced only about 
70% protection. This would seem to indi- 
cate that the ADP-ribosyltransferasc activity 
is critical for optimum imnuau^rotection. 
An alternative explanation, that the rc^on 
of the SI polypeptide that we ahered with 
/rtxA3201 may be a critical structural epi- 
tope, ts unlikely ^nce it has been shown that 
an 51 polypeptide aloiie containing the na- 
tive Glu^^-Tyr^*'-Val'*^ r^n is an intffi- 
cadous immunogen (29), 

Taken together, our resuhs regarding leu- 
kocytosis, anapfa)iaxi5, adjuvantidty, and 
insmunoprotection of mioe 6x»n an ICC 
infection suggest that the ADP-ribosyltrans- 
fcrase activity of pertussis ctndn correlates 
directly with the immunomodulatory activi- 
ties of a B. pertussis strain. TOX3201 p«>- 
duccs an assembled holotoxin with a re- 
duced ADP-ribosyliransfctasc activity and 
was leduced in diese immunopathologic 
and immunoprotective activities. These data 
io^Iy that mutations in the toxin genes tiiat 
reduce pathogenic activities of a strain such 
as leukocytosis can also reduce the immuno- 
protective capacity of the strain. This is an 
important consideration in the fbnnulation 
of future pertussis vaccines. 
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Hie monoclonal antibody used in these 
studies, GKI.5, is a ocU-dcpleting antibody. 
When administered to mice at doses greater 
than 300 p,g, diis antibody causes suscuncd 
reducdxm of more than 90% of the drculat* 
ing L3T4^ cells (22). GK1.5 has been sue* 
cessfuUy used in V3VO as &n inununothera- 
pcudc agent to treat other cxperimencal and 
spontaneous autoimmune diseases, inchid- 
ing systemic lupus etythemacosus (13)y ex- 
perimental allergic cnccphalomyclids (14)^ 
and type II coUagen-induccd arthritis {IS). 
In addition, a sin^ course of this antibody 
has been shown to allow indefinite accept- 
ance of transplanted allogcoeic murine iskts 
of Langerhans (i^. GK1.5 and other anti- 
bodies to L3T4 are particuJarly suitable for 
serotherapy^ since these reagents can sup- 
press the humoral tmmiuie response {12, 17) 
and induce tolerance to selea protdn anri- 
gcns, induding the monoclonal anclxxiy to 
L3T4 itself (i7). 

When NOD mice arc 30 to 50 days old, 
mononuclear cells begin to infiltrate the 
perivascular and periductal areas around tiu 



Tabto 1. Pcevcntioa diabetes in NOD mice by 
]i»g-tcmi treatment wiifa GK1.5. Eat monodonal 
amflxxfy GK1.S (immuoogbbulin G2b) to mouse 
L3T4, purified finm ascites fluid, was administered 
imnpcntxxicaUy id 90- to 110^'okl NOD fe- 
ooLc mice. Tnrirfmrr of disbetea is shorwn aa the 
rario of die number of diabedc mice to total 
number of ^ in dhc group at 260 days of age. 



Amount of 


Ind- 


Tnncof 


GK1.S 


dmce 


onset of 




of 


diabetes 




diabetes 


(days) 


600 


I&2I 


157 ±33 


600.thail00 










156 ±43 


None 


29/35 


173 ±42 
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Immimotherapy of the Nonobese Diabetic Mouse: 
Treatment with an Antibo(fy to T-Hdpcr Lymphocytes 

Judith A. Shizuru, Caeibl TAyLOR-EnwAitDs, Beth Ann Banks, 
Anita K. Gregory, C. Garrison Fathman 

Spontaneous diahrtrs tnelUtos was blocked in nonobese diabetic mice by treatment 
with a mctnoclnnal antibody against the L3T4 determinant present on the surface of T« 
helper lymphocytes. Sustained treatment with the mooodonal antibody led to cessa- 
tion of the lyxi;q>hocytic infiltration associated with tlx destruction of the inmlizi* 
producing p ceUs. Moreover, the mice remaised notmogtyocmic af^ the antibotfy 
therapy was stopped. These studies Indicate that immunotiierapy with monodotul 
antibodies to the lymphocyte subset may tKxt only halt the pit^ressian of diabctrSj but 
may lead to long-term reversal of the disease after therapy has ended. 



THBRB IS IKCRBASINO EVIDEMCB 
that human insulin*dependent diabe* 
tcs mdlitus (IDDM) is sn autoim- 
mune disease and that IDDM results from 
immune destruction of the insulin-produc* 
ing p cells normally fbimd in the islets of 
Langerhans (J). Nonobese diabetic (NOD) 
mice spontaneously develop diabetes (2) 
resembling human IDDM. As in human 
IDDM, the NOD mice have progressive 
lyir^hocytic infiltration Into the islets (insu- 
litis) before the expression of oven diabetes 
(2-4), and cytoplasmic antibodies to islet 
alls appear in their serum during the devel- 
opment of insulitis (4, 5). Susceptibility to 
diabetes in both humans and NOD mice is 
strongly associated with genes of the major 
histocompatibility complex (MHC) {6). 
Overt diabetes is characterized by polyuria, 
polydipsia, hyperglycemia, and glycosuria, 
and NOD mice develop acme kooaddosis, 
which is fual unless the mice are treated 
vrith insulin {2j 7). 
The specific immunobgic padiways and 

Dcputmem of Modtdne, Dxvitton of It ignuw A;^. 
Stanford Univciuty Medial CentcCf Stasfcfd, 
9*305-5Ui. 



cell types responsible for islet ccU destruc- 
tion in NOD mice arc not dearly delineated 
{8), However, recent studies suggest that 
the T lymphocyte subset that expresses the 
L3T4 sui^ marker is impoctant in the 
pathogenesis of the disease (9). T lympho- 
cytes of the L3T4 phenotype are a dittinct 
subpopuladon of mature T cells tixat fimc* 
tion as hctper-tnduccr cells in the activation 
of both humoral and cellular immunity {10), 
The L3T4 tyn^hocytc subset is responsible 
for MHC class Q-rcstricted antigen recog- 
nition on antigen-presenting ceOs (Ji); the 
human homobg to the munne LdT^'^ T 
ccU is die CD4* T cdl (ii). We have been 
able to block the progres^on and subse- 
quent expression of overt diabetes in NOD 
mice by a course of cteatment with a mono- 
dotiai antibody to L3T4. Such an approach 
may be feasible for treatment of patioits 
widi subclinical manifestations of IDDM, 
since we show that antibody therapy initiat- 
ed late in disease progression was eficctive in 
reversing the advanced phases of islet cell 
destruction. Moreover, i^)on cessation of 
therapy the mice have remained dzsease-free 
without fiirthcr treatment. 
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